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Twentyfour new compounds of the series O,o-bis(aryl) iso-butyl phosphonates have been synthesised and
tested for fungitoxicity ill vitro on four phytopathogenic fungi. The phosphonates in general, exhibited higher
activity on Pythium aphanidermatum (Eds.) Fitz and Helminthosporium oryzae Breda de Haan than on
Rhizoctonia bataticola (Taub. )Butier and Alternaria altemata (Fr.) Keissler. Some of these compounds are more
fungitoxic than edifenphos as standard and mostly contain Cl and CH3 substituents in phenyl rings. The O,O-bis
(2,4,5-trichlorophenyl) iso-butyl phosphonate on H.oryzae is found to be the most potent compound. Out of four
test fungi, QSAR studies yield moderately reliable models only for A. altemata and H. oryzae. The physico-
chemical parameters are also dissimilar in the regression equations for different fungus.
Development of organophosphorus fungicides
was initiated in Japan in early sixties shortly after
the restrictions imposed on use of organomercurials.
Conunercially important compounds of the group
are edifenphos ( 0- Ethyl S,S-diphenyl
phosphorodithioate) and Kitazin-P (0,0- di-iso-
propyl S-benzyl phosphorothiolate). Among
different subgroups, fungicidal activity of the alkyl
phosphonates was first reported in 1970 for S,S-
diphenyl alkyl dithiophosphonates. Since then, a
number of series of alkyl and choloroalkyl
phosphonates have been synthesised and reported as
fungicides, which include O,O-bis(aryl)
dichloromethyl, dichloroethyl, methyl4 and iso-
5
propyl phosphonates.
In this paper we report the synthesis , fungicidal
activity and quantitative structure activity
relationship' (QSAR) study of a novel group of
O,O",bis(aryl) iso-butyl phosphonates with empi-
t Communication No.- ES / AC /97/10
'.+Present address: Central Inland Capture Fisheries Research
Institute, Barrackpore- 743 10I, West Bengal, India.
rical formula :
i-Ci\-P(O)(OC6HS_n Rnh
R = different substituents, n = 1 - 5
Like other alkyl phosphonates, intermediates of
the present series could not be synthesised by
Kinnear and Perren reaction due to possible
conversion of iso-butyl to tert-butyl group in the
product Michaelis-Arbuzov reaction was not
followed due to excessively long reaction period;
upto 48 hours are required at 150-160° to produce
unsatisfactory yields (generally 50% or less) of the
phosphonic acid esters. Thus, an alternative route
was designed for the synthesis of the desired
compounds (Scheme I). The physical data and
characterisation of the synthesised phosphonates are
presented in Table I.
The EC50 (mg kg") values of the
synthesised iso-butyl phosphonates are given in
Table II. Compounds which could not give 50%
inhibition of growth upto 1000 mg kg-I are reported
to have EC50>1000.
The three mono-methylphenyl 2, 3 and 4, 2,4-
dimethyl phenyl 15 and 2,4,5-trichlorophenyl 22














(i) Reflux 3 hr (ii)
Benzene, Stirring 4-5 hr
-------:>~ i-C4H9-P(OXOC6H5-I/RI/)2
Et3N, C6H5_nRI/OH (Hi)
1<.= different substituents, 11 = 1 - 5
Scheme I--Outline of synthesis of O,O-bis(aryl) iso-butyl phosphonates
Table I - Physical data and characterisation of O,O-bis(aryl) iso-butyl phosphonates
Compd Substitutions Physical statea m.p. Yield RT (min) Elemental Analysis (%)
(R in str. iii (0C) (%)
Scheme I) Found Calculated
C H C H
1 H CVLiquid 79.3 2068 66.10 6.51 66.21 6.55
2 2-CH3 CV Liquid 79A 3AI6 67.50 7.24 67.92 7.23
3 3-CH3 CV Liquid 85.7 2.789 67.70 {j.88 67.92 7.23
4 4-CH3 CVLiquid 81.4 4.619 67A8 7.21 67.92 7.23
5 2-CI CVLiquid 82.7 5A80 53.19 4.75 53A8 4.74
6 4-CI CR Solid 53 83.3 7.289 53.10 4.65 53A8 4.74
7 4-Br CrR Solid 59 91.7 14.663 42.68 3.77 42.86 3.79
8 2-OCH3 CV Liquid 77.8 7.541 61.30 6.51 61.71 6.57
9 4-OCH3 WPSolid 49 89.6 13.108 61.46 6.56 61.71 6.57
10 4-SCH3 CN Solid 52 84.0 43.836 56.11 5.95 56.54 6.02
11 2-N02 YVLiquid 91A 17.119 50.30 4AO 50.52 4.47
6.80b 7.37b
12 4-N02 YR Solid 105 87.1 43.248 50.17 4.39 50.52 4A7
7.08b 7.37b
13 4-C(CH3)3 CN Solid 65 88A 20.085 71.31 8.68 71.64 8.71
14 2,3-(CH3)2 CV Liquid 79.5 8.532 69.11 7.68 69.36 7.80
15 2,4-(CH3)2 CV Liquid 76.0 7.685 68.71 7.79 69.36 7.80
16 2,5-(CH3n CV Liquid 74A 5.388 68.50 7.80 69.36 7.80
17 3,4-(CH3n CV Liquid 88A 9.597 69.17 7.71 69.36 7.80
18 3,5-(CH3n CV Liquid 88.9 8.270 68.63 7.67 69.36 7.80
19 3-CH3,4-CI CV Liquid 80.1 12.585 55.81 5A2 55.81 5.43
20 2,4-C12 CV Liquid 84.9 15.237 44.67 3A9 44.86 3.50
21 2,3,5-(CH3)3 CV Liquid 77.8 12.354 7008 8.08 70.59 8.29
22 2,4,5-CI3 WN Solid 70 78.8 38.623 38.55 2.60 38.63 2.61
23 2,4,6-CI3 WN Solid 124 80.5 46.259 38.57 2.60 38.63 2.61
Z4 CIS WP Solid 201 86.2 c 30.06 1.33 30.23 IA2
a C= Colourless V =Viscous R =Rhomboidal Cr =Creamy W =White P =Powdered N =Needle shaped Y =Yellow
b Nitrogen c Not eluted upto 106 minutes
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Table II ~ Fungicidal activity of O,O-bis(aryl)iso-butyl phosphonates
Compd Substitutions EC5f) mg kg_l against
(R in structure
iii Scheme I) A. altemata H. oryzae P. aphanidermatum R. bataticola
observed calculated observed observed calculated observed
1 H 66.72 66.90 43.37 34.72 54.75 91.11
2 2-CH3 47.50 35.60 21.79 49.95 56.42 54.93
3 3-CH3 41.26 85.99 36.65 43.79 39.30 35.87
4 4-CH3 27.19 56.16 104.84 36.73 33.68 32.76
5 2-CI 59.73 34.76 13.08 54.01 61.39 112.90
6 4-CJ >1000 49.67 25.53 50.22 35.08 294.08
7 4-Br >1000 58.65 201.17 22.70 30.43 >1000
8 2-OCH3 114.00 83.19 122.80 79.37 66.08 %.35
9 4-OCH3 86.64 101.87 87.58 31.17 30.77 51.06
10 4-SCH3 >1000 60.26 >1000 18.56 16.03 376.60
11 2-N02 143.05 139.89 197.28 139.91 70.60 69.31
12 4-N02 323.16 353.82 40.59 21.83 34.82 312.84
13 4-C(CH3)3 >1000 71.49 >1000 >1000 4.39 >1000
14 2,3-(CH3)2 50.64 60.27 18.32 25.21 35.57 232.70
15 2,4-(CH3n 38.76 39.36 51.24 43.19 30.48 82.70
16 2,5-(CH3)2 55.77 60.27 17.58 45.49 35.57 19.21
17 3,4-(CH3n 407.38 95.08 32.67 25.93 21.19 69.18
18 3,5-(CH3n 197.62 209.45 38.04 11.55 24.72 34.07
19 3-CH3,4-CI >1000 89.89 10.82 29.61 21.17 >1000
20 2,4-C12 >1000 39.21 333.64 16.84 31.08 183.04
21 2,3,5-(CH3)3 >1000 194.03 26.67 31.92 19.63 >1000
22 2,4,5-C13 39.11 90.86 7.33 227.73 217.45 26.79
23 2,4,6-C13 51.95 47.57 35.69 20.99 22.00 130.00
24 CI5 >1000 1182.43 857.82 549.54 562.05 >1000
Edifenphos 50.00 10.00 26.00 43.00
compounds were observed more active than
edifenphos against A. alternata. Some members of
the series exhibited promising results against H.
oryzae. The 2,4,5-trichlorophenyl compound 22
was found most active (EC5Q 7.33 mg kg") and was
-I
even better than edifenphos (ECso 10.00 mg kg ).
The 3-methyl 4-chlorophenyl compound 19 also
exhibited very high activity (EC5Q 10.82 mg kg-I)
followed by 2-chlorophenyl 5, 2,5-dimethylphenyl
16 and 2,3-dimethylphenyl 14 compounds showing
moderate to high activity against H. oryzae with
-I
EC5Q values of 13.08, 17.58 and 18.32 mg kg ,
respectively. Against P. aphanidermatum the 3,5-
. dimethylphenyl compound 18 was found promising,
(EC5Q 11.55 mg kg-I) which even performed much
-I
better than edifenphos (ECso 26.00 mg kg ). The
activity of 4-bromophenyl 7, 4-thiomethylphenyl
10, 4-nitrophenyl 12, 2,3- dimethylphenyl 14,3,4-
dimethylphenyl 17 and 2,4-dichlorophenyl 20
compounds was also moderate against the fungus
with ec; values of 22.70, 18.56, 21.83, 25.21,
-I
25.93 and 16.84 mg kg respectively. The
synthesised iso-butyl phosphonates were less active
against R. bataticola as against A. alternata. The
2,5-dimethylphenyl compound 16 performed best,
(EC5Q 19.21 mg kg-I) followed by 2,4,5-
trichlorophenyl 22, 4-methylphenyl 4, 3,5-dimethyl-
phenyl 18 and 3-methylphenyl 3 compounds,
which were a little more active than edifenphos
-I
(ECso43.00 mg kg ).
The regression equations of QSAR study are
presented in Table III. In case of A. alternata the '
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Table III - Regression equations for fungicidal activity of 0, O-bis(aryl) iso-butyl phosphonates
Equation Regression equation n R2 S F Prob>F






3.731 - 0.431 Eo2
2
2.593 - 0.776 Eo + 0.503 rnl(o)
3.793 + 0.679 Lit - 0.212 Lx2 - 0.063 rn4(m)2























3.996 - 0.407 Eo2
3.668 + 0.626 Lit - 0.221 Lx2
3.832 + 0.658 Lit - 0.220 Lx2 - 0.085 B2(p)2
2










0.15 0.462 3.40 0.0802
0.31 0.426 4.26 0.0297
0.35 0.424 3.25 0.0459






4.071 - 0.473 Eo2
2
3.957 - 0.556 Eo - 0.207 Es(p)
3.474 + 0.212 Y:p) - 0.021rMR(m)2 + 0.514 LEs(m)2
2
6.161 + 0.085 Lit + 0.049 MR(p) - 10.363 LB2(m)
+ 9.119 LB4(m)
23 0.37 0.285 12.27 0.0021
23 0.51 0.256 10.56 0.0007
23 0.67 0.215 13.07 0.0001




0.28 0.329 .6.57 0.0202
0.38 0.315 4.84 0.0228
0.44 0.308 3.95 0.0293





2.152 + 0.329 LY:m)
3.122 + 0.029 LL(m)2 _ 0.003 MRw)2
2.839 - 0.003 MRw)2 + 0.325 LBl(m)2
- 0.130 LB2(m)2
3.520 - 0.269 Eo - 0.003 MR(p)2 - 0.921 rn4(m)
+0.118LL(m)2
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square form of Hammetts electronic parameter
CEo2) was found best single variable but it
expressed as little as 28% variability in
fungitoxicity, as R2 = 0.28 (equation 1). The 4-
variable equation (No.4) was found fairly good and
expressed 70% variability in fungitoxicity. The
equation contained hydrophobic parametertf.x) its
2 '
square tenn(L7t ), square term of STERIMOL
maximum width parameter for meta-substituents
2 •
[LB4(m) ] and Taft stenc parameter for para-
substituents [Es(p)]. The hydrophobicity parameter
(7t) was found parabolically related to the
fungitoxicity parameter. The optimum value of L7t
was calculated to be 1.52. Among the synthesised
iso-butyl phosphonates the 2,4-dichlorophenyl
compound 20 had L7t (1.42) nearest to the optimum
value. Obviously from equation 4 the predicted
fungitoxicity of the compound 20 was calculated to
be very high in the series (Table II ) but in practice
it was one of the least active compounds.
The equations 5 to 8 were obtained with H.
oryzae. The hydrophobicity parameter (x) and
STERIMOL width parameter B2 for para-
substituents [B2(p) ] were the independent variables
in best 3 and 4 variable equations. The value of R2
was found poor in these equations and thus , are not
suitable for fungitoxicity prediction.
Incase of P. aphanidermatum also the square
term of Hammetts electronic parameter (La2) was
found best single variable (R2 = 0.37). With the
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increase in the number of independent variables,
the value of R2 increased a lot and the 4-variable
equation (No. 12) expressed 80% variability in
fungitoxicity. The equation retained square term of
hydrophobic parameter (L1t2 ), molar refractivity
parameter for para-substituent [MR(p) ] and
STERIMOL width parameter B2 and B4 for meta
substituents [LB2(m) , LB4(m) ] It gave good
prediction values of fungitoxicity (Table II ).
However, according to the regression equation 12,
the 4-tert-butyl phenyl compound 13 was expected
to be highly active. In practice it was not so and
was found least active from the experimental value.
This may be attributed to inability of the compound
to reach to the active site due to bulk of tert-butyl
group attached to the phenyl ring which restricts its
penetration and transportation.
Similar to H. oryzae, the regression equations 13
to 16 for R. bataticola were also inadequate to
express fungitoxicity. The 4-variable equation 16
expressed only 50% of the fungitoxicity variability
and are not suitable for fungitoxicity prediction.
Since the programme method MAXR itself
selected the variables during preparation of
regression equations with the objective of
maximisation of R2, similar variables were not
compulsorily retained as the number of variables
increased in the equations. For the same reason the
chemical descriptors differed from one fungi to
other.
Comparing the ECso values of bis-aryl iso-butyl
phosphonates with those of bis-arylmethyf and bis-
aryl iso-propylS phosphonates reveal that the
present series of bis-aryl iso-butyl phosphonates
performed best against P. aphanidermatum, and
both bisaryl iso-butyl and bis-aryl iso-propyl
phosphonates were equally effective against H.
oryzae. The 0, 0-bis(2,4,5-trichlorophenyl) iso-
butyl phosphonate 22 exhibited lowest value of
ECso among these three series against H. oryzae
·1uic; 7.33 mg kg ).
Experimental Section
General. Melting points are uncorrected. IR
spectra were recorded as thin film in case of liquid
samples and in CCl4 in case of solid samples except
compound 12 in nujol on a Nicolet Fourier
Transformed Impact 400 spectrometer. IH NMR
spectra were recorded on Varian EM 360L, 60
MHz spectrometer in CDCh in case of compounds
6, 12, 22, 23 and 24 and in CC14 for rest of the
compounds (chemical shifts in &, ppm and J values
in Hz ) using TMS as internal standard . Mass
spectra were recorded on an HP GC 5890
spectrometer with mass selective detector 5970.
Synthesis of O,O-bis(aryl) isobutyl phosphonates
Di-zso-butyl phosphite was prepared by reacting
phosphorus trichloride with iso-butyl alcohol
according to the procedure given by Coulson et al",
in 91% yield, bp 75-76 °C (0.23 rom Hg).
iso-Butyl phosphonic acid (i) was prepared from
di-iso-butyl phosphite by a set of reactions as
described by Kosolapoff", in 70% yield, mp 122°C.
iso-Butyl phosphonic dichloride (ii) was prepared
by refluxing iso-butyl phosphonic acid (O.lmole)
with thionyl chloride (0.4 mole) in round bottom
flask fitted with a reflux condenser and a guard tube
containing fused calcium chloride. After reflux for
6 hr, theunreacted thionylchloride was distilled off
and the acid dichloride obtained in 62% yield, bp
64-66 °C (0.6 rom Hg).
O,O-Bis (aryl) iso-butyl phosphonates (iii) were
prepared by the condensation of iso-butyl
phosphonic dichloride with substituted phenols in
the presence of triethylamine as acid scavanger. The
desired phenol (0.04 mole), triethylamine (0.04
mole) and benzene (125 ml) were taken in a three
necked round bottom flask (250 mL), fitted with a
mechanical stirrer, a dropping funnel and a guard
tube containing fused calcium chloride and placed
on ice-bath. The acid dichloride (0.02 mole) was
added dropwise to the reaction mixture with
vigorous stirring and stirring continued for 5 hr.
The reaction product was washed thoroughly with
cold sodium hydroxide solution (1.5%, 4 x 100
ml.), followed by distilled water (3 x 150 mL) and
dried over anhydrous sodium sulphate. After
distillation of solvents, the phosphonates were
purified by column chromatography over silica gel
for liquid samples and recrystallization from
appropriate solvents for solid samples. The yield
was good to excellent (76.0-91.4%).
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Purity of compounds checked on silica gel TLC
plates with benzene-ether (70:30) as developing
solvent and iodine as visualising agent. For
pentachlorophenyl compound developing solvent
was benzene - chloroform (40:60). For gas-
chromatography, Hewlett Packard instrument
(model 5890 series II) with OV-17 megabore
column (10 m x 0.53 mm i.d.), NP detector with
temperatures: injector and detector 250°C, oven
180 °C and N2 flow rate 20 mUmin. was used.
Elemental analysis was carried out on a Perkin-
Elmer 2400 CHN Analyser. Structures of the
synthesised iso-butyl phosphonates were confirmed
by proton magnetic resonance spectroscopy", infra-
red spectroscopy and mass spectrometry".
Fungitoxicity evaluation. Fungitoxicity was
evaluated by poisoned food technique using PDA"
on four phytopathogenic fungi, Alternaria alternata
(Fr.) Keissler ; Helminthosporium oryzae Breda de
Haan ; Pythium aphanidermatum (Eds.) Fitz and
Rhizoctonia bataticola (Taub.) Butler with
incubation periods of 7,6, 8 and 3 days respectively
at 25 ± I "C. Experiments were conducted upto
1000 mg of test compounds per kg PDA. After
incubation, the mycelial growth of control and
chemical treated plates were used for calculation of
per cent inhibition and corrected per cent inhibition
of growth. These data were fed to a computarised
programme'{ to get the values of effective
concentration in mg kg" for 50% growth inhibition
(ECso mg kg"). Edifenphos (Hinosan", technical
product 99.5%) of Mis Bayer India Ltd. was used
as standard compound in fungitoxicity study.
Structure activity relationship studies For QSAR
studies, ECso mg kg' values were converted to
molar concentrations, the logarithm of reciprocal of
the molar concentrations, i.e. - log ECso (M) were
used as dependent variables. - The chemical
descriptors hydrophobic [7t (Hans- Fuj ita's
substituent constant) ], electronic [o (Hammett
constant), F (Swain Lupton constant)] and steric
[Es (Taft's), MR (molar refractivity) , STERIMOL
L (length), B I, B2, B4 (breadths in different spatial
directions)] parameters 13 were independent ~
variables.
The hydrophobicity parameter L7t for each
compound was calculated by simple addition of
Hansch-Fujita's substituent constants characterising
hydrophobicity. Electronic parameter Lcr was
calculated by addition of op and o m values and
considering crp= cro. For ortho substituted
compounds the Swain-Lupton constant F was also
taken into consideration. The steric parameters E;
MR, L, B I, B2 and B4 were considered according to
their position in the phenyl rings. Thus, Es(o), Es(m)
and Es(p) denotes Taft's steric parameter for the
ortho, meta and para-substituents respectively.
Additive nature of the substituent parameters was
presumed. Square terms of the parameters were
also used in the study. As the substitution pattern
on both the phenyl rings were exactly similar in all
the synthesised iso-butyl phosphonates, the
parameters were considered for only one phenyl
ring.The values of the chemical descriptors of the
substituted phenyl rings used in QSAR studies are
presented in Table IV ( since the number of
chemical descriptors considered were many, only
those values of the parameters which were retained
in the equations are presented ).
The multiple regression analysis was carried out
by the model MAXR of SAS computerised
programme 6.03 edition". The model tries to find
the best one variable model, the best two variable
model and so on. Variables are included in the
equation so that R2 is maximised. R is the multiple'
correlation coefficient and R2 is an indicator of how
much of the variation of response is predictable
from the regressor variables. The best equations
upto 4 variables are presented in this paper along
with the statistical values. For a particular fungus,
the compounds having ECso value more than 1000
mg kp-' were eliminated from the multiple
regression study.
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